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1. R P -  1 FUEL SYSTEM DESCRIPTION 

The RP-1 f u e l  system ( f igu re  1) c o n s i s t s  of ground-based equipment t h a t  
s u p p l i e s  f u e l  t o  t h e  f i r s t  s t a g e  of t h e  Saturn veh ic l e ,  and v e h i c l e  equipment 
t h a t  s t o r e s  and supp l i e s  f u e l  t o  t h e  S - I  s t a g e  propuls ion system. The ground- 
based equipment of  t h e  f u e l  system c o n s i s t s  of a f u e l  s to rage  f a c i l i t y ,  a 
pneumatic f u e l  con t ro l  console ,  a f u e l  con t ro l  c e n t e r ,  a f u e l  tanking computer, 
and a f u e l  dens i ty  computer. The s t o r a g e  f a c i l i t y  conta ins  t h e  necessary 
equipment t o  s t o r e ,  f i l t e r ,  and t r a n s f e r  t h e  RP-1 f u e l  t o  t h e  veh ic l e ,  and t o  
d r a i n  t h e  v e h i c l e  i f  t h e  launching should be abor ted .  The pneumatic f u e l  con- 
t r o l  console  r e g u l a t e s ,  supp l i e s ,  and c o n t r o l s  t he  pneumatic p re s su re  t h a t  
a c t u a t e s  s t o r a g e  f a c i l i t y  components. The f u e l  con t ro l  cen te r  monitors and 
c o n t r o l s  t h e  var ious tanking opera t ions  a s s o c i a t e d  wi th  t h e  t r a n s f e r  of  RP-1 
f u e l  t o  t h e  veh ic l e .  The f u e l  tanking and dens i ty  computers con t ro l  t h e  
f i l l i n g  of t h e  v e h i c l e  f u e l  conta iners  t o  ensure t h e  des i r ed  RP-1 t o  LOX 
weight r a t i o .  Fuel from t h e  ground system e n t e r s  t h e  veh ic l e  through a f u e l  
f i l l i n g  mast, which i s  r e t r a c t e d  p r i o r  t o  l i f t o f f  (described i n  Volume V I I ) .  

The v e h i c l e  f u e l  equipment c o n s i s t s  of four  f u e l  conta iners ,  a p r e s s u r i -  
z a t i o n  manifold,  a f u e l  t r a n s f e r  assembly, and var ious con t ro l  devices and 
l i n e s  f o r  f i l l i n g ,  d ra in ing ,  vent ing,  f u e l  l eve l ing ,  and supplying f u e l  t o  t h e  
H-1 engines.  The four  f u e l  conta iners  are a l t e r n a t e l y  arranged with four  LOX 
con ta ine r s  i n  a c i r c u l a r  p a t t e r n  around a l a r g e r ,  cen te r  LOX conta iner .  The 
p r e s s u r i z a t i o n  manifold,  in te rconnec t ing  t h e  upper por t ions  of t h e  f u e l  con- 
t a i n e r s ,  maintains  a n  equal  u l l a g e  pressure  during f l i g h t .  The lower i n t e r -  
connecting manifold between t h e  f u e l  conta iner  sumps maintains  a nea r ly  equal  
f u e l  level  i n  t h e  con ta ine r s .  

1.1. Fuel  Control  Center 

The b a s i c  f u e l  c o n t r o l s ,  located i n  t h e  launch con t ro l  c e n t e r ,  c o n s i s t  of 
equipment f o r  i n i t i a t i n g ,  monitoring, c o n t r o l l i n g ,  and c o r r e c t i n g  f u e l  t r a n s -  
f e r  ope ra t ions .  

1.1.1. RP-1 Cont ro l  Panel. The RP-1 c o n t r o l  panel  conta ins  var ious  
switches used t o  i n i t i a t e  t h e  cormnands f o r  s equen t i a l  progression of t h e  f i l l ,  
a d j u s t  level, r ep len i sh ,  and d ra in  ope ra t ions .  The panel  a l s o  conta ins  i n d i -  
c a t o r  lamps t h a t  provide monitoring of  t h e  var ious ope ra t ions .  

The 'power' switch supp l i e s  e l e c t r i c a l  power t o  t h e  c o n t r o l  panel compo- 
nents .  The ' func t ion  s e l e c t o r '  switch has four pos i t i ons :  'opera te ,  ' 'simu- 
late, ' 'manual, ' and ' o f f ,  ' 'Operate' provides automatic  s equen t i a l  ope ra t ion  
of t h e  var ious RP-1 f u e l  system opera t ions .  'Simulate '  i s  t h e  s a m e  as 'oper -  
a te , '  except that pump motors do not  ope ra t e  and t h e r e  i s  no f u e l  flow. 'Man- 
u a l '  t r a n s f e r s  con t ro l  t o  t h e  RP-1 components panel f o r  i nd iv idua l  component 
ope ra t  ion.  
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The ' l i l l '  pusltbutton i n i t i a t e s  t h e  f u e l  f i l l  o p e r a t i o n .  The opera t ion  
c o n s i s t s  of a f a s t  f i l l  sequence, which u n d e r f i l l s  t h e  S - I  c o n t a i n e r s  ( t o  98% 
of the  programmed mass) a t  a flow r a t e  of  2000 gpm; a slow f i l l  sequence, 
which o v e r f i l l s  the  S-I conta iners  ( t o  approximately 102% of t h e  programmed 
mass) a t  a reduced f l o w  r a t e  of 200 gpm; and a t r a n s f e r  l i n e  d r a i n  sequence, 
which d r a i n s  t h e  f u e l  from t h e  t r a n s f e r  l i n e  a f t e r  t h e  slow f i l l  sequence has 
been completed. 

The ' s l o w - f i l l '  pushbutton i n i t i a t e s  t h e  slow f i l l  sequence i f  i t  becomes 
necessary t o  f i l l  t h e  S - I  f u e l  conta iners  a t  a reduced flow r a t e .  

The ' a d j u s t - l e v e l '  d r a i n  pushbutton switch i n i t i a t e s  t h e  d r a i n i n g  of 
excess f u e l  from the  S - I  conta iners  and t r a n s f e r s  c o n t r o l  of t h e  a d j u s t  l e v e l  
o p e r a t i o n  t o  a three-way toggle  switch w i t h  ' l i n e  i n e r t , '  ' r e se t '  and ' o f f '  
p o s i t i o n s .  The ' l i n e  i n e r t '  p o s i t i o n  i n i t i a t e s  d r a i n i n g  of t h e  f u e l  f i l l i n g  
mast and t r a n s f e r  l i n e  a f t e r  excess f u e l  i n  t h e  S - I  c o n t a i n e r s  has been re- 
moved. The ' r e se t '  p o s i t i o n  r e v e r t s  t h e  a d j u s t  l e v e l  d r a i n  sequence t o  s t a n d -  
by, permi t t ing  t h e  sequence t o  b e  repea ted  a s  necessary .  

The ' m a s t  purge' toggle  switch i s  pos i t ioned  manually t o  i n i t i a t e  f u e l  
f i l l  mast and t r a n s f e r  l i n e  purge during t h e  t r a n s f e r  l i n e  d r a i n  p o r t i o n  of 
t h e  a d j u s t  l e v e l  opera t ion .  

The ' r e p l e n i s h '  pushbutton switch i n i t i a t e s  t h e  automatic  r e p l e n i s h  oper -  
a t i o n ,  which c o n s i s t s  o f  a t r a n s f e r  l i n e  f i l l  sequence, a r e p l e n i s h  sequence 
t o  supply a d d i t i o n a l  f u e l  t o  t h e  S - I  c o n t a i n e r s ,  and a t r a n s f e r  l i n e  d r a i n  
sequence a f t e r  t h e  S - I  c o n t a i n e r s  have been rep len ished .  

The ' d r a i n '  pushbutton i n i t i a t e s  t h e  automatic  d r a i n  opera t ions ,  which 
empty t h e  S - I  f u e l  c o n t a i n e r s .  

The ' f u e l  bubbling'  switch has t h r e e  p o s i t i o n s :  'manual, '  ' au tomat i c , '  
and ' o f f . '  The 'manual' p o s i t i o n  provides f u e l  bubbling system checkout. The 
'automatic '  p o s i t i o n  al lows a s i g n a l  from open Fuel Vent Valves B106 t o  i n i -  
t i a t e  f u e l  bubbling b e f o r e  LOX i s  tanked and a g a i n  a f t e r  t h e  a d j u s t  l e v e l  
d r a i n  opera t ion .  

1 .1 .2 .  Fuel Computer Panels.  The f u e l  d e n s i t y  and f u e l  tanking computer 
panels  provide t e s t  and power switches f o r  checkout and c o n t r o l  of t h e  d e n s i t y  
computer and tanking computer. Associated f u e l  d e n s i t y  and q u a n t i t y  d i g i t a l  
i n d i c a t o r  panels  a l low monitor ing o f  tanking o p e r a t i o n s .  

1 . 1 . 3 .  RP-1 Components Panel.  The components panel  conta ins  switches 
f o r  i n d i v i d u a l  opera t ion  of s t o r a g e  f a c i l i t y  components when t h e  func t ion  
s e l e c t o r  switch on t h e  RP-1 c o n t r o l  panel is  i n  'manual' p o s i t i o n .  Ind ica t ing  
l i g h t s  on t h e  components panel provide i n d i c a t i o n s  o f  component condi t ion .  
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1.2. RP-1 Fuel Tanking and Density Computers 

The primary p rope l l an t  loading o b j e c t i v e  i s  t o  ob ta in  a cons tan t  prede- 
termined t o t a l  weight of LOX and f u e l  (RP-l), with  t h e  r a t i o  of LOX weight t o  
f u e l  weight varying as a funct ion of  t h e  f u e l  dens i ty  t o  p e r m i t  t h e o r e t i c a l l y  
simultaneous LOX and f u e l  deplet ion a t  S - I  s t a g e  burnout.  The a c c u r a t e  con- 
t r o l  of t h e  p rope l l an t  l i q u i d  levels is  maintained semiautomatical ly  from t h e  
p rope l l an t  c o n t r o l  panels  located i n  t h e  launch c o n t r o l  cen te r .  These panels 
are e l e c t r i c a l l y  i n t e g r a t e d  with t h e  LOX, f u e l ,  and f u e l  dens i ty  computers. 

1.2.1. Fue l  Density Computer. The f u e l  d e n s i t y  computer system c o n s i s t s  
of t h r e e  primary u n i t s :  Fuel Density Computer A507 loca ted  i n  t h e  automatic  
ground con t ro l  s t a t i o n  below t h e  umbi l ica l  tower, a f u e l  dens i ty  computer 
panel ,  and a d i g i t a l  i nd ica to r  ( the latter two items being loca ted  i n  the  
launch c o n t r o l  c e n t e r  p rope l l an t  loading rack  assembly No. 2).  

The f u e l  dens i ty  computer incorporates  a d i f f e r e n t i a l  p re s su re  t ransducer  
t h a t  senses  a d i f f e r e n t i a l  height o f  f u e l  i n  Container F - 4 .  This d i f f e r e n t i a l  
he igh t  of f u e l  i s  determined by pressure from a probe extending t o  t h e  bottom 
of t h e  conta iner  and from one of four  upper probes. Because t h e  probe mus t  
be covered by f u e l  f o r  t h e  densi ty  computer t o  ope ra t e  properly,  t h e  p a r t i c u -  
lar v e h i c l e  mission determines which upper probe is se l ec t ed .  A s p e c i f i c  
g r a v i t y  of 0.810 is usua l ly  assumed t o  determine a nominal d i f f e r e n t i a l  p res -  
s u r e  ( f u e l  dens-ity programmed pressure)  between t h e  s e l e c t e d  probes.  This 
pressure . i s  programmed i n t o  the computer be fo re  de l ive ry  t o  t h e  launch s i te  
and is p r e s e t  on t h e  f u e l  dens i ty  computer panel .  Af te r  t h e  S - I  s t a g e  is 
f i l l e d ,  any s h i f t  i n  t h e  measured d i f f e r e n t i a l  p re s su re  i n d i c a t e s  a s h i f t  i n  
t h e  dens i ty  by a propor t iona l  amount, because t h e  d i f f e r e n t i a l  probe he igh t  
remains cons tan t  . 

The f u e l  dens i ty  computer panel provides  a d i r e c t  i nd ica t ion  of  ' f u e l  
dens i ty  d i f f e r e n t i a l  p ressure '  as programmed i n t o  t h e  dens i ty  computer. 

The f u e l  dens i ty  d i g i t a l  ind ica tor  panel d i sp l ays  f u e l  dens i ty  i n  Con- 
t a i n e r  F - 4  as a percentage of a nominal dens i ty  preprogrammed i n t o  Density 
Computer A507. When t h e  conta iners  are f i l l e d ,  t he  a c t u a l  f u e l  dens i ty  is 
d isp layed  as a percentage of t h e  nominal dens i ty ,  based on t h e  set p res su re  
d i f f e r e n t i a l  appearing on the  fue l  dens i ty  computer panel .  From t h i s  percent-  
age  s h i f t  i n  dens i ty  and from the  p rope l l an t  loading t a b l e s ,  dens i ty  co r rec -  
t i o n s  may b e  app l i ed  t o  t h e  tanking opera t ions .  The proper c o r r e c t i o n  is 
d i a l e d  i n  a t  t h e  f u e l  tanking computer panel  and excess f u e l  i s  dra ined  dur- 
ing  t h e  a d j u s t  level d r a i n  sequence. (Some f u e l  is always drained a f t e r  t h e  
d e n s i t y  c o r r e c t i o n  is  made, because the  f u e l  tanks are i n i t i a l l y  o v e r f i l l e d . )  

1.2.2. Fuel Tanking Computer. The f u e l  tanking  computer system c o n s i s t s  
of t h r e e  primary u n i t s :  Fuel Tanking Computer A506 loca ted  i n  t h e  automatic  
ground c o n t r o l  s t a t i o n  below t h e  umbi l ica l  tower, f u e l  tanking computer panel ,  
and a d i g i t a l  i n d i c a t o r .  (The l a t t e r  two items are i n  t h e  launch p rope l l an t  
loading rack  assembly N o .  2 . )  
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F u e l  Tanking Computer A506 ( f i g u r e  3 )  incorpora tes  a t ransducer  which 
senses  t h e  d i l f e r e i i t i a l  p r e s s u r e  i n  Fuel Container  F-4 dur ing  t h e  f i l l i n g  
ope ra t ion .  The d i f f e r e n t i a l  p ressure  i s  measured between a probe loca ted  i n  
t h e  top of  t h e  container  and one near  t h e  bottom of t h e  con ta ine r .  A s i n g l e  
lower conta iner  probe serves  both  dens i ty  and tanking  computers through a tee 
connect ion near  normally c losed  Solenoid Valve A5066. Before d e l i v e r y  t o  t h e  
launch s i t e ,  t h e  tanking computer i s  preprogrammed f o r  t h e  d i f f e r e n t i a l  pres  - 
s u r e  head of f u e l ,  based on t h e  he igh t  between the  probes and t h e  same nominal 
s p e c i f i c  g r a v i t y  of approximately 0.810 s e l e c t e d  f o r  t h e  dens i ty  computer. 
This  programed pressure  i s  p rese t  on the f u e l  tanking  computer panel  i n  a d d i -  
t i o n  t o  a + 0.465-psig f u e l  d i f f e r e n t i a l  p r e s s u r e  c o r r e c t i o n  (approximate 
va lue )  t o  provide i n i t i a l  o v e r f i l l i n g  o f  t h e  f u e l  con ta ine r s .  During tanking 
ope ra t ions ,  t h e  d i g i t a l  i nd ica to r  panel i n d i c a t e s  a v a l u e  as a percent  of  t h e  
a l g e b r a i c  sum of the s e t  va lue  and t h e  c o r r e c t i o n  va lue .  Before tanking  op- 
e r a t i o n s ,  98% of t h i s  combined va lue  i s  programmed i n t o  t h e  computer c i r c u i t r y  
t o  enable  i n i t i a t i o n  of  t h e  slow f i l l  sequence. The f u l l  va lue  (100%) is a l s o  
programmed i n t o  the computer c i r c u i t r y  t o  t e rmina te  t h e  f i l l i n g  ope ra t ion .  
Computer command s igna l s  are  monitored from t h e  f u e l  tanking computer panel  
and are  in te r locked  wi th  t h e  RP-1 c o n t r o l  panel t o  p o s i t i o n  va r ious  so lenoid-  
opera ted  components i n  t h e  f u e l  system. Af t e r  the  con ta ine r s  a r e  o v e r f i l l e d ,  
a new p res su re  co r rec t ion ,  based on t h e  dens i ty  i n d i c a t i o n  appear ing  on t h e  
dens i ty  d i g i t a l  i nd ica to r  panel  and t h e  p r o p e l l a n t  loading  t a b l e s ,  i s  d i a l e d  
i n t o  t h e  f u e l  computer panel .  The tanking d i g i t a l  i n d i c a t o r  panel  then  i n -  
d i c a t e s  how much f u e l  has been tanked as a percentage o f  t h i s  new d i f f e r e n t i a l  
p re s su re  ( o r i g i n a l  s e t  p r e s s u r e  p lus  new p res su re  c o r r e c t i o n ) .  The percentage 
i n d i c a t i o n  drops t o  100% as t h e  a d j u s t  l e v e l  ope ra t ion  d r a i n s  excess  f u e l .  
A t  101% of  des i r ed  d i f f e r e n t i a l  p ressure ,  t h e  computer sends a s i g n a l  t o  Pneu- 
mat ic  Con t ro l l e r  A559, which supp l i e s  15-ps ig  GN2 t o  Adjust  Level Regulator  
A522. The pressure  from t h e  pneumatic c o n t r o l l e r  is reduced t o  3 ps ig  a t  100% 
f u l l  by a s i g n a l  from t h e  computer, a t  which po in t  Adjust  Level Regulator A522 
i s  completely closed and t h e  d ra in ing  ope ra t ion  i s  s topped.  

The f u e l  tanking computer panel  has  two manually set  d i g i t a l  readouts .  
One s c a l e ,  marked ‘ f u e l  d i f f e r e n t i a l  p re s su re  ( p s i ) ’  i s  p r e s e t  f o r  a nominal 
va lue  of  f u e l  tank d i f f e r e n t i a l  p re s su re ;  t h e  o t h e r  s c a l e ,  marked ‘p res su re  
c o r r e c t i o n  ( p s i ) ,  ’ is a d j u s t a b l e  +_ 0.465 p s i  f o r  d i f f e r e n t i a l  p re s su re  co r rec -  
t i o n s  based on fue l  dens i ty  dev ia t ions  from a nominal p re se l ec t ed  va lue  as  i n -  
d i c a t e d  by t h e  fue l  dens i ty  d i g i t a l  i n d i c a t o r .  A t e lephone  type  d i a l  and a 
p o l a r i t y  (add-subtract)  s e l e c t o r  swi tch  a re  used f o r  making d i f f e r e n t i a l  p re s -  
s u r e  c o r r e c t i o n s .  Af te r  t h e  S - I  s t a g e  con ta ine r s  a r e  o v e r f i l l e d ,  a new p res -  
s u r e  co r rec t ion ,  based on the dens i ty  i n d i c a t i o n  appear ing  on t h e  dens i ty  d ig -  
i t a l  i n d i c a t i o n  panel and t h e  p r o p e l l a n t  loading  t a b l e s ,  i s  d i a l e d  i n t o  t h e  
f u e l  tanking computer panel .  Subsequent a d j u s t  l e v e l  d r a i n  ope ra t ions  d r a i n  
excess  f u e l .  

The f u e l  quan t i ty  d i g i t a l  i n d i c a t o r  panel  d i s p l a y s  f u e l  quani ty  i n  Con- 
t a i n e r  F - 4  as  a percentage o f  t h e  t o t a l  programmed d i f f e r e n t i a l  p re s su re  on 
the  f u e l  tanking  computer panel .  
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1.3. RP-1 S torage  F a c i l i t y .  

The RP-1 s t o r a g e  f a c i l i t y  cons i s t s  of a s t o r a g e  tank ,  pneumatic f u e l  con- 
t ro l  console ,  a f i l t r a t i o n  sys tem,  and a t r a n s f e r  system. The s t o r a g e  f a c i l -  
i t y  equipment t r a n s f e r s  f u e l  t o  the  veh ic l e  and d ra ins  t h e  v e h i c l e  i f  neces- 
s a r y .  

The s t o r a g e  tank has a 57,000-gallon capac i ty .  Pressure r e l i e f  and 
vacuum r e l i e f  va lves  are i n s t a l l e d  on t h e  tank t o  prevent  overpressure  o r  
vacuum condi t ions  i n s i d e  t h e  tank. A l i q u i d  l e v e l  gage and a temperature 
gage provide l o c a l  monitoring of  t h e  f u e l  i n  t h e  s t o r a g e  tanks.  

The pneumatic f u e l  con t ro l  console,  l oca t ed  a t  t h e  s to rage  f a c i l i t y ,  con- 
t a i n s  manual va lves ,  p ressure  gages, so lenoid  va lves ,  o r i f i c e s ,  a f i l t e r ,  a 
p re s su re  switch,  a r e g u l a t o r ,  and a r e l i e f  valve.  The con t ro l  console  input  
p re s su re  is reduced and suppl ied  t o  t h e  so lenoid  valves  t h a t  con t ro l  t h e  pneu- 
mat ic  valves  loca ted  i n  t h e  s to rage  f a c i l i t y .  

The f i l t r a t i o n  system removes w a t e r  and o the r  fo re ign  matter from t h e  
f u e l  during s t o r a g e  tank f i l l i n g  and r e f i l t e r i n g  opera t ions .  The system con- 
s i s t s  of  a pump and motor, and a f i l t e r  s epa ra to r  conta in ing  gages, manual 
va lves ,  automatic  flow con t ro l  valves ,  r e l i e f  devices ,  and r ep laceab le  f i l t e r  
c a r t r i d g e s  . 

During t r a n s f e r  ope ra t ions ,  t h e  s t o r a g e  f a c i l i t y  equipment t r a n s f e r s  f u e l  
t o  t h e  v e h i c l e  and d ra ins  f u e l  from t h e  t r a n s f e r  l i n e  upon te rmina t ion  of t h e  
f i l l  sequence. An a d j u s t  l e v e l  sequence is  i n i t i a t e d  a f t e r  te rmina t ion  of 
t r a n s f e r  l i n e  d ra in ,  t o  d ra in  excess f u e l  from t h e  v e h i c l e  back i n t o  t h e  s t o r -  
age  f a c i l i t y .  I f  f u e l  requirements are increased  af ter  t h e  a d j u s t  l e v e l  has 
been completed, a n  automatic  r ep len i sh  sequence can be i n i t i a t e d  from t h e  
Launch Control Center (LCC). 

1.4. S - I  Stage 

The v e h i c l e  RP-1 f u e l  system c o n s i s t s  of  70-inch diameter Fuel Containers  
F-1, F-2, F-3, and F-4; a p re s su r i za t ion  manifold t h a t  in te rconnec ts  t h e  upper 
p o r t i o n  of t h e  four  conta iners ;  two vent  va lves ;  two r e l i e f  valves;  a lower 
in te rconnec t ing  manifold between t h e  f u e l  conta iner  sumps; e i g h t  f u e l  suc t ion  
lines t h a t  supply f u e l  from t h e  conta iners  t o  t h e  engines;  e i g h t  prevalves ,  one 
i n  each suc t ion  l i n e ;  a f u e l  f i l l  and d ra in  valve;  and var ious  con t ro l  devices  
f o r  S-I s t a g e  ope ra t ions .  Each f u e l  con ta ine r  supp l i e s  f u e l  t o  one inboard 
engine and one outboard engine.  The prevalves ,  l oca t ed  near  t h e  top of each 
f u e l  s u c t i o n  l i n e ,  remain open and are c losed  only i n  case  of an emergency o r  
engine c u t o f f .  
system. The f u e l  vent  valves  a r e  opera ted  by p res su re  from valve panel 9 ,  
and t h e  f u e l  f i l l  and d ra in  valve i s  operated by p res su re  from t h e  launcher 
manifold.  Fuel Container F-4 contains  the  f u e l  tanking and dens i ty  computer 
sens ing  l i n e s  t h a t  are used t o  con t ro l  f i l l  opera t ion .  The f u e l  con ta ine r s  
are p res su r i zed  i n i t i a l l y  and during f l i g h t  w i th  GN2 from an onboard p res su re  
system. 

The prevalves  a r e  opera ted  by an  onboard pres,sure c o n t r o l  
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2. R P - 1  STORAGE FACILITY O P E R A T I O N  

Figure  2 page 33, r e p r e s e n t i n g  complex 37 RP-1  f u e l  system, and f i g u r e  3 
page 35, r ep resen t ing  t h e  v e h i c l e  R P - 1  f u e l  system, should be  used, i n  con- 
junc t ion  w i t h  t h e  t e x t ,  t o  follow t h e  va r ious  flow r o u t e s  of t h e  f u e l  s y s t e m  
opera t ions .  

2 . 1 .  Storage Tank F i l l  Operation 

Fuel s e r v i c e  t r a i l e r s  d e l i v e r  t h e  RP-1  f u e l  t o  t h e  s t o r a g e  f a c i l i t y  and 
t r a n s f e r  t h e  f u e l  through f l e x i b l e  l i n e s  i n t o  t h e  s t o r a g e  f a c i l i t y .  The f u e l  
i s  pumped through a f i l t e r - s e p a r a t o r  u n i t  b e f o r e  i t  e n t e r s  t h e  s t o r a g e  t ank .  
The following valves a r e  open f o r  s t o r a g e  tank f i l l  ope ra t ion :  A526, A527, 
A611, A612, A610, Ah15, and A524. 

Fuel from the  s e r v i c e  t r a i l e r s  flows through Adapters A568 and A569, 
Check Valve A536, Manual Valve A526, and p a s t  60-psig Rel ie f  Valve A545 t o  
F i l t e r - S e p a r a t o r  Pump A503. The pump, d r iven  by Motor A505, d e l i v e r s  600 gpm 
of R P - 1  f u e l  a t  31.5 ps ig  p a s t  Temperature Switch A579 and through Manual 
Valve A527 t o  F i l t e r -Sepa ra to r  A509. Fuel passes through t h e  f i l t e r - s e p a r a t o r  
element and f i l l s  t h e  tank of t h e  f i l t e r - s e p a r a t o r .  Automatic A i r  Release 
Valve A539 r e l i e v e s  a i r  from t h e  tank as i t  i s  d i sp l aced  by t h e  r i s i n g  f u e l  
l e v e l .  When t h e  f u e l  l e v e l  r i s e s  i n t o  t h e  au tomat ic  a i r  release va lve ,  t h e  
va lve  c l o s e s  and p res su re  begins t o  b u i l d  up i n  t h e  f i l t e r - s e p a r a t o r  tank .  
Re l i e f  Valve A547 provides overpressure  p r o t e c t i o n  f o r  t h e  f i l t e r - s e p a r a t o r .  
Water and fo re ign  matter, removed from t h e  f u e l  by t h e  f i l t e r - s e p a r a t o r  e le-  
ment, s e t t l e  t o - t h e  bottom of t h e  f i l t e r - s e p a r a t o r  tank and a re  dra ined  by t h e  
ope ra t ion  of F loa t  Operated Control Valve A609, F u e l  Discharge Regulator A538, 
and Water Drain Regulator A548. The f l o a t  ope ra t ed  c o n t r o l  va lve  con ta ins  a 
mul t i -po r t ed  d i s t r i b u t o r  and r o t a r y  d i s c .  The f l o a t ,  submersed i n  f u e l  and 
r i d i n g  on t h e  water l e v e l  i n  t h e  f i l t e r - s e p a r a t o r ,  p o s i t i o n s  t h e  d i s c  t o  a l i g n  
t h e  d i s c  p o r t s  with t h e  d i s t r i b u t o r  p o r t s .  The f l u i d  t h a t  flows through t h e  
p o r t s  produces the  a c t u a t i n g  p res su re  t h a t  p o s i t i o n s  Fuel Discharge Regulator 
A538 and Water Drain Regulator A548. I f  l i t t l e  o r  no water is  p r e s e n t ,  F l o a t  
Control Valve A6C9 f u l l y  opens Fuel Discharge Regulator A538. Fuel from t h e  
f i l t e r - s e p a r a t o r  flows through Fuel Discharge Regulator A538, p a s t  Rel ie f  
Valve A571, through Check Valve A535, and Manual Valve A524 i n t o  Storage Tank 
A501. A s  t h e  water l e v e l  i n  F i l t e r - S e p a r a t o r  A509 r i s e s ,  t h e  f l o a t  c o n t r o l  
va lve  s t a r t s  t o  r e p o s i t i o n  i t s  p re s su re  p o r t s ,  caus ing  Fuel Discharge Regulator 
A538 t o  s t a r t  c los ing .  When s u f f i c i e n t  water has been f i l t e r e d  from t h e  f u e l ,  
t h e  f l o a t  c o n t r o l  va lve  f u l l y  c l o s e s  Fuel Discharge Regulator A538 and opens 
Water Drain Regulator A548. The pump p res su re  then  fo rces  t h e  water o u t  of t h e  
tank through t h e  water d r a i n  valve.  When t h e  water l e v e l  recedes  t o  a safe  
l e v e l ,  t h e  f l o a t  c o n t r o l  va lve  r e p o s i t i o n s  and c l o s e s  Water Drain Regulator 
A548, and reopens Fuel Discharge Regulator A538, a l lowing  t h e  f u e l  flow t o  con- 
t i n u e  t o  t h e  s to rage  tank. The opening and c l o s i n g  c y c l e  of Fuel Discharge 
Regulator A538 and Water Drain Regulator A548 cont inues  throughout t h e  s t o r a g e  
tank f i l l  ope ra t ion  as water i s  removed from t h e  f u e l .  
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D i f f e r e n t i a l  Pressure Gage A565 monitors t he  f i l t e r  i n  F i l t e r - S e p a r a t o r  
A d i f f e r e n t i a l  p re s su re  of 8 .5  ps ig  ind ica t e s  t h e  need f o r  a f i l t e r  A509. 

change. S ight  Gage A608 provides a v i s u a l  i nd ica t ion  of water and f u e l  l e v e l s  
w i th in  t h e  f i l t e r - s e p a r a t o r .  
ope ra t e ,  t h e  water can be drained manually through Manual Drain Valve A549, 
o r  t he  f i l t e r - s e p a r a t o r  can be bypassed by c los ing  Manual Valve A527 and open- 
ing  Bypass Valve A529. Overpressure p ro tec t ion  f o r  t h e  f i l l  l i n e  between 
F i l t e r - S e p a r a t o r  A509 and Storage Tank A501 is provided by 60-psig Rel ie f  
Valves A571 and A544, which r e l i e v e  i n t o  a r e t u r n  l i n e  t o  the  s t o r a g e  tank 
u l l a g e .  
a t i o n  (approximately l l W F ) ,  Temperature Switch A579 w i l l  s t op  Pump Motor 
A505 to  prevent  a f i r e  hazard.  Temperature Gage A561 and Liquid Level Gage 
A560 i n d i c a t e  t h e  s t o r a g e  tank RP-1 temperature and l e v e l .  Vent and Vacuum 
Valve A537 r e l i e v e s  excess s torage  tank pressure  a t  0.25 ps ig  and relieves 
s t o r a g e  tank vacuum a t  -0.06 psig.  Rel ie f  Valve A540 r e l i e v e s  s to rage  tank 
p res su re  a t  2.5 ps ig  i f  t he  vent and vacuum valve cannot s u f f i c i e n t l y  vent  
t h e  tank.  

I f  t he  automatic water d r a i n  components f a i l  t o  

I f  t h e  RP-1 temperature reaches an  unsafe  level during f i l l i n g  oper -  

When t h e  f u e l  reaches t h e  des i red  l e v e l  i n  t h e  s t o r a g e  tank,  Pump A503 
i s  stopped. Af te r  Manual Valve A526 has been closed,  t h e  r e s i d u a l  f u e l  i n  
t h e  f l e x i b l e  l i n e s  i s  pumped back i n t o  t h e  s e r v i c e  trailers.  Vacuum Breaker 
A576 is opened t o  r e l i e v e  t h e  vacuum i n  t h e  f l e x i b l e  l i n e s  caused by d ra in ing  
r e s i d u a l  f u e l  back i n t o  t h e  se rv ice  trailer.  The vacuum breaker  is c losed  
a f t e r  t h e  f l e x i b l e  l i n e s  have been disconnected. 

A l t e r n a t e  methods may be used t o  f i l l  t he  s t o r a g e  tank i f  t h e  method 
descr ibed  i n  2.1. is rendered inoperat ive.  The f u e l  s e r v i c e  trailer,  connected 
t o  Coupling-Half A570 by a f l e x i b l e  l i n e ,  pumps f u e l  through Coupling-Half 
A570, p a s t  Vacuum Breaker A577, through Manual Valve A528, Manual Valve A527, 
and F i l t e r -Sepa ra to r  A509; or ,  if t h e  f i l t e r - s e p a r a t o r  is inopera t ive ,  through 
Manual Valve A529. Fuel then flows through Check Valve A535, p a s t  Rel ief  
Valve A544, and through Manual Valve A524 i n t o  Storage Tank A501. 

Fuel can be t r a n s f e r r e d  d i r e c t l y  i n t o  the  s to rage  tank through a quick- 
opening f i l l  p o r t  in  t h e  cover over Manhole A554. 

2 .2 .  RP-1 Fuel R e f i l t e r i n g  

Af te r  t h e  RP-1 s to rage  tank h a s  been f i l l e d ,  t h e  r e f i l t e r i n g  ope ra t ion  is 
performed d a i l y  t o  prevent excessive amounts of  water and fo re ign  ma t t e r  from 
accumulating i n  the  f u e l .  Approximately one week be fo re  t h e  f u e l  i s  t o  be  
loaded i n t o  t h e  vehic le ,  t h e  r e f i l t e r i n g  opera t ion  is  begun and f u e l  c i r c u -  
lates through t h e  f i l t e r - s e p a r a t o r  u n i t  cont inuously u n t i l  loading time t o  
a s s u r e  t h e  p u r i t y  of t h e  f u e l .  

The manual valves  open f o r  t h e  r e f i l t e r i n g  ope ra t ion  are: A525, A527, 
A611, A612, A610, A615, and A524. Fuel flows by g r a v i t y  from Storage Tank 
A501 through Manual Valve A525 and p a s t  60-psig Rel ie f  Valve A545 and Manual 
Valve A526 t o  F i l t e r  Separator  Pump A503. (The f u e l  flow cont inues through 
t h e  pa th  descr ibed i n  t h e  second paragraph of 2 .1 . )  

7 



When t h e  f u e l  has  been f i l t e r e d  s u f f i c i e n t l y  t h e  pump and motor a r e  
stopped and Manual Valves A524 and A525 a re  c losed .  
u n i t  and t h e  i n l e t  l i n e  a re  dra ined  when necessary  through Manual Drain Valves 
A613, A614, and A615. Manual Drain Valve A533 drairls  r e s i d u a l  f u e l  from the  
s t o r a g e  tank u l lage  r e t u r n  l i n e .  

The f i l t e r - s e p a r a t o r  

Pneumatic 
Valves 

A518 
A520 
A 5  17 
A52 1 
A516 

To ensure  tha t  t h e  f u e l  meets t h e  p re sc r ibed  requirements ,  samples a r e  
taken from t h e  s torage  tank and analyzed. Quick-Opening Cover A541 provides  
access  t o  Sampling Well A556 i n  Storage Tank A501. A sampling bob i s  lowered 
i n t o  the  w e l l  t o  ob ta in  f u e l  samples. 

Solenoid Valves 
Opening Control  Closing Control  

A2 87 0 A2865 
A287 2 A2867 
A2869 A2864 
A287 1 A2866 
A2868 A2863 

3 .  TRANSFER OPERATIONS 

Transfer  opera t ions  inc lude  a l l  ope ra t ions  necessary  t o  f i l l  t h e  S - I  
s t a g e  f u e l  conta iners  t o  t h e  proper l e v e l  f o r  a given f l i g h t  miss ion .  There 
are four  opera t ions  involved: fill, f u e l  bubbl ing,  a d j u s t  l e v e l ,  and r ep len -  
i sh .  The operat ions can be performed e i t h e r  manually o r  au tomat i ca l ly  from 
t h e  f u e l  c o n t r o l  center .  The pneumatic f u e l  c o n t r o l  console  supp l i e s  and con- 
t r o l s  t h e  ac tua t ing  p res su res  t o  t h e  pneumatic va lves  i n  t h e  s t o r a g e  f a c i l i t y .  

3 . 1 .  Pneumatic Fuel Contro l  Console 

The high pressure gas  s t o r a g e  b a t t e r y  supp l i e s  3500-psig GN2 t o  t h e  pneu- 
mat ic  f u e l  c o n t r o l  console .  The 3500-psig GN2 i s  reduced t o  750 p s i g  and 
suppl ied  t o  f i v e  normally open and f i v e  normally c losed  so leno id  va lves  t h a t  
c o n t r o l  t h e  s to rage  f a c i l i t y  pneumatic va lves .  The fol lowing manual va lves  
a re  open f o r  t h e  console opera t ion :  A2890, A2852, and A2858 ( f i g u r e  2). 



Manual Metering Valve A2881 prevents  hammering i n  Slow F i l l  Valve A521 
by slowly vent ing i t s  opening ac tua to r  when Solenoid Valve A2871 i s  de-ener- 
g ized .  O r i f i c e s  A2897, A2896, A2895, and A2894 prevent  Pneumatic Valves A518, 
A520, A517, and A516 from slamming c losed  when t h e i r  r e s p e c t i v e  opening con- 
t ro l  so lenoid  valves  have been de-energized. 
A2882 i n d i c a t e  t o  t h e  f u e l  cont ro l  cen te r  t h a t  t h e  r equ i r ed  opera t ing  pressures  
are a v a i l a b l e .  

Pressure Switches A2883 and 

3.2 .  F i l l  

The S-I s t a g e  f u e l  conta iners  are f i l l e d  wi th  RP-1 a t  T -2  days. This  in- 
volves  a manual and an automatic  opera t ion .  
v e h i c l e  t o  15% f u l l  t o  a l low a leak check of t h e  RP-1 f u e l  system. After  t h e  
system has been thoroughly inspected,  a n  automatic  f i l l  opera t ion  c o n s i s t i n g  
of a f a s t  f i l l ,  a slow f i l l ,  and a l i n e  d ra in  sequence is i n i t i a t e d .  The f a s t  
f i l l  sequence f i l l s  t h e  v e h i c l e  f u e l  conta iners  a t  2000 gpm t o  98% of t h e  f u e l  
mass programmed (as t h e  corresponding p res su re )  i n t o  Fuel Tanking Computer 
A506. The s l o w  f i l l  sequence f i l l s  t he  f u e l  conta iners  t o  100% a t  a reduced 
f lowra te  of 200 gpm. Because t h e  f u e l  f lowra te  has been reduced, Fuel Tanking 
Computer A506 can s t o p  t h e  f i l l i n g  sequence when t h e  exac t  programmed amount - 

of f u e l  has been t r a n s f e r r e d .  An excess amount of f u e l  is i n i t i a l l y  programed 
and t r a n s f e r r e d  t o  t h e  v e h i c l e  for  a given amount of  LOX. The a d j u s t  l e v e l  
sequence (descr ibed i n  3 . 4 . )  dra ins  t h e  excess f u e l  from t h e  v e h i c l e  f u e l  con- 
t a i n e r s  a f t e r  f u e l  dens i ty  co r rec t ions  have 'been programed i n t o  t h e  f u e l  tank- 
ing  computer. 

The manual opera t ion  f i l l s  t h e  

3-2.1, Manual F i l l .  The Manual Valves open f o r  t h e  f i l l  ope ra t ion  are: 
A523, A524, A572, A573, A574, and A590 ( f igu re  2) ;  and B108 and BllO ( f i g u r e  
3 ) .  

~ The f u e l  dens i ty  computer panel i nd ica t e s  t h e  dens i ty  d i f f e r e n t i a l  p re s -  
s u r e  t h a t  has been programmed in to  Fuel Density Computer A507. Using a nominal 
s p e c i f i c  g r a v i t y  of 0.810,  t h e  programed p res su re  i s  based on the  p re s su re  
head between two probes of known d i f f e r e n t i a l  he igh t  i n  Fuel Container F-4.  

The f u e l  tanking computer panel i n d i c a t e s  t h e  nominal programed f u e l  
d i f f e r e n t i a l  p re s su re  s p e c i f i e d  in t h e  p rope l l an t  loading t a b l e s  and a p res -  
s u r e  c o r r e c t i o n  (usua l ly  +0.465 ps ig )  t h a t  w i l l  ensure  t h e  loading of excess  
f u e l .  

The func t ion  s e l e c t o r  switch on t h e  RP-1 con t ro l  panel is i n  'manual' 
p o s i t i o n ,  t r a n s f e r r i n g  component con t ro l  t o  t h e  components panel .  
nen t s  are a c t u a t e d  by i nd iv idua l  switches t o  f i l l  t h e  v e h i c l e  con ta ine r s  t o  
15% f o r  t h e  leak  check. Ind ica t ing  l i g h t s  on t h e  panel  f r o n t ,  i n d i c a t e  com- 
ponent condi t ion .  With t h e  corresponding switches i n  t h e  'on' pos i t i on ,  Slow 
F i l l  Valve A521 and Discharge Valve A516 are opened by so lenoid  valves  i n  t h e  
pneumatic f u e l  con t ro l  console ( re fer  t o  3 . 1 .  par  2 . ) ;  Booster Line Valve A519 
is opened by Solenoid Valve A2138 i n  va lve  panel 5; Fuel  F i l l  and Drain Valve 
Blll is opened by Solenoid Valve A5617 on t h e  launcher manifold; and S-I 
s t a g e  Fuel Vent Valves B106 a r e  opened by Solenoid Valve A5023 i n  va lve  panel 
9 .  After  a l l  valves  a r e  open, the  f u e l  t r a n s f e r  pump motor switch is  placed 
i n  t h e  'on' p o s i t i o n  t o  a c t u a t e  Pump Motor A504 ( f i g u r e  2 ) .  

The compo- 
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Fuel flows by g r a v i t y  from Storage  Tank A501 through Manual Valve A523, 
past  P res su re  Gage A572 and Re l i e f  Valve A546, t o  Fuel Transfer  Pump A502, 
which i s  dr iven  by Pump Motor A504. The pump d i scha rges  RP-1  a t  200 gpm and 
a t  approximately 175 ps ig .  F u e l  from t h e  pump flows p a s t  Tempera tu re  Switch 
A578 and Pressure  Gage A563, through S t r a i n e r  A511, and p a s t  Pressure  Switch 
A566 and Pressure  Gage A564. The t r a n s f e r  l i n e  branches and f u e l  flows 
through Slow F i l l  Valve A521, O r i f i c e  A551, p a s t  Shock Ar res to r  A515, and 
through Discharge Valve A516. Fuel flows p a s t  Re l i e f  Valve A543, Liquid Level 
Sensor A552, through Manual Valve A590, p a s t  Liquid Level Sensor A553 and R e -  
l i e f  Valve A593, and through S t r a i n e r  A575 t o  A i r  E l imina tor  A557 and Booster 
Line Valve A519. A i r  E l imina tor  A557 releases a i r  from t h e  f u e l  and t h e  t r a n s -  
f e r  l i n e  t o  atmosphere through A i r  Vent A558. Fuel  from t h e  boos te r  l i n e  va lve  
flows through S t r a i n e r  A512, p a s t  Vacuum Breaker A4505 and Check Valve A4501, 
and e n t e r s  t h e  S - I  s t a g e  through Couplings A4500 and B 1 1 2  ( f i g u r e  3 ) .  Fuel 
flows through Fuel F i l l  and Drain Valve B l l l  and e n t e r s  t h e  sump o f  Fuel Con- 
t a i n e r  F-1. Fuel flows from Fuel Container F-1 through t h e  lower in t e rcon-  
nec t ing  manifold and f i l l s  Containers F-2, F-3, and F-4. Fue l  Vent Valves B106 
vent a i r  from t h e  con ta ine r s  as it  is  d i sp laced  by t h e  r i s i n g  f u e l  l e v e l .  

During t h e  opera t ion ,  P res su re  Gages A562 and A563 i n d i c a t e  t h e  t r a n s f e r  
pump i n l e t  and o u t l e t  p re s su res .  Temperature Switch A578 w i l l  s t o p  t h e  pump 
motor i f  t h e  RP-1 temperature reaches  an  unsafe  l e v e l  (approximately 110OF). 
Pressure  Gages A563 and A564 i n d i c a t e  t h e  p re s su re  drop a c r o s s  S t r a i n e r  A511. 
Pressure  Switch A566 a c t u a t e s  a t  39 +_ 4 p s i g  r i s i n g  p res su re ,  i n d i c a t i n g  a t  
t h e  f u e l  c o n t r o l  cen te r  t h a t  t h e  f u e l  t r a n s f e r  pump is  ope ra t ing .  Shock 
Ar res to r  A515 p ro tec t s  t he  t r a n s f e r  system components by dampening p res su re  
surges .  Re l i e f  Valve A593 provides ove rp res su re  p r o t e c t i o n  f o r  t h e  t r a n s f e r  
l i n e  s e c t i o n  between Manual Valve A590 and Booster Line Valve A519. Rel ie f  
Valve A602 p r o t e c t s  A i r  Eliminator A557 from p r e s s u r e  su rges  by r e l i e v i n g  a t  
a d i f f e r e n t i a l  p ressure  of 5 p s i  between t h e  a i r  e l imina to r  and t h e  downstream 
p o r t i o n  of t h e  t r a n s f e r  l ine .  A i r  Vent A558 con ta ins  b a f f l e s  t h a t  t r a p  f u e l  
from t h e  a i r  vent ing  t o  atmosphere from t h e  t r a n s f e r  l i n e .  The a i r  e l imina-  
t o r  does n o t  c lose  u n t i l  t h e  t r a n s f e r  l i n e  i s  f i l l e d  wi th  f u e l .  

When t h e  f u e l  l e v e l  i n  t h e  con ta ine r s  reaches  15% as ind ica t ed  on t h e  f u e l  
tanking d i g i t a l  i nd ica to r  pane l ,  t h e  manuai ope ra t ion  i s  te rmina ted  by p l ac ing  
t h e  switches on the  components panel i n  t h e  ' o f f '  p o s i t i o n s .  Af t e r  t h e  l eak  
check has been completed, and t h e  system cond i t ion  has been found t o  be  accep t -  
a b l e ,  t h e  automatic f i l l  sequence i s  i n i t i a t e d .  

3.2.2. Automatic F i l l .  With func t ion  s e l e c t o r  swi tch  on t h e  RP-1 c o n t r o l  
panel i n  t h e  'oper'ate' p o s i t i o n ,  depress ing  t h e  fill pushbutton on t h e  panel 
i n i t i a t e s  t h e  f i l l  ope ra t ion .  F a s t  F i l l  Valve A517, Slow F i l l  Valve A521, 
Discharge Valve A516, Booster Line Valve A519, Fuel F i l l  and Drain Valve B 1 1 1 ,  
and Fuel Vent Valves B106 open. Pump Motor A504 s ta r t s  and d r i v e s  Fuel Trans- 
f e r  Pump A502. 
u a l  f i l l  and a l s o  through Fas t  F i l l  Valve A517 combining wi th  t h e  f u e l  flow 
through Slow F i l l  Valve A521. 

F u e l  flows a t  2000 gpm through t h e  same pa th  descr ibed  f o r  man- 
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Fuel Tanking Computer A506 and Fuel Densi ty  Computer A507 monitor t he  
f i l l i n g  ope ra t ion ,  and provide tanking d a t a  t o  the  f u e l  con t ro l  cen te r .  
t h e  con ta ine r s  are f i l l e d  t o  98%, the  f u e l  tanking computer s tops  the  f a s t  
f i l l  sequence and i n i t i a t e s  t he  slow f i l l  sequence. 
c loses .  Fuel  cont inues  t o  flow i n t o  t h e  f u e l  con ta ine r s ,  but a t  t h e  reduced 
f lowra te  of 200 gpm e f f e c t e d  by O r i f i c e  A551. 
senses 100% f u e l  load i n  t h e  con ta ine r s ,  it s tops  the  slow f i l l  sequence and 
i n i t i a t e s  t r a n s f e r  l i n e  d r a i n  by c l o s i n g  Slow F i l l  Valve A521, Booster Line 
Valve A519, and Fuel  F i l l  and Drain Valve B 1 1 1 ,  and by opening C i r c u l a t e  and 
Dra in  Valve A518 and Line Drain Valve A520. 
f a i l s  t o  s top  t h e  f i l l  sequence a t  loo%, O v e r f i l l  Pressure  Switch B109 ( f i g -  
u r e  3) w i l l  s t op  the  sequence and i n i t i a t e  t r a n s f e r  l i n e  d ra in .  

Transfer  Line Drain. 

When 

F a s t  F i l l  Valve A517 

When Fuel Tanking Computer A506 

I f  t he  f u e l  tanking computer 

3.2.3. The a c t i o n  of t h e  t r a n s f e r  pump and j e t  
eductor  d r a i n s  f u e l  from t h e  t r a n s f e r  l i n e  i n t o  the  s to rage  tank. Fuel from 
Storage Tank A501 flows through Manual Valve A523 t o  Fuel Transfer  Pump A502 
t h a t  pumps the  f u e l  through S t r a i n e r  A511, Line Drain Valve A520, and Jet 
Eductor A514. Fuel flowing through Jet  Eductor A514 produces a p a r t i a l  vacuum 
causing f u e l  i n  the  t r a n s f e r  l i n e  t o  flow through Discharge Valve A516 and 
p a s t  Rel ie f  Valve A542 i n t o  the  j e t  eductor .  Fuel flow from the  jet  eductor  
cont inues  through C i r c u l a t e  and Drain Valve A518 and Manual Valve A524 i n t o  
t h e  s to rage  tank. A i r  Eliminator A557 and A i r  Vent A558 admit a i r  and f u e l  
t h a t  w a s  trapped by t h e  a i r  vent  b a f f l e s  i n t o  the  t r a n s f e r  l i n e  as the  f u e l  
flows back i n t o  t h e  s to rage  tank. 
contaminants from e n t e r i n g  the  t r a n s f e r  l i n e .  A s  t he  t r a n s f e r  l i n e  d r a i n  
sequence progresses ,  Liquid Level Sensor A552 d e t e c t s  the  absence of f u e l  i n  
t h e  t r a n s f e r  l i n e  and i n i t i a t e s  a t h r e e  minute t i m e r .  

A 100-mesh f i l t e r  i n  the  a i r  vent  prevents  

A t  t he  end of the  t h r e e  minutes,  t h e  t i m e r  s t ops  Fuel Transfer  Pump A502 
and Motor A504 and c loses  Discharge Valve A516, Line Drain Valve A520, and 
C i r c u l a t e  and Drain Valve A518. 
a t  terminat ion of t r a n s f e r  l i n e  d r a i n  sequence. 

The automatic  f u e l  opera t ions  a r e  complete 

Fuel Densi ty  Computer A507 senses  d i f f e r e n t i a l  p re s su re  between t h e  t w o  
p re se l ec t ed  probes and compares t h i s  p re s su re  t o  the  programmed d i f f e r e n t i a l  
p re s su re .  The percentage change i n  d e n s i t y ,  p ropor t iona l  t o  the  percentage 
change i n  p re s su re ,  i s  d i a l ed  i n t o  the  f u e l  tanking computer panel  as a cor- 
r e c t i o n .  This  co r rec t ion  is  always smaller than t h e  i n i t i a l  c o r r e c t i o n  
(0.465 p s i g )  t o  allow d ra in ing  the con ta ine r s  t o  t h e  des i r ed  l e v e l  without 
r e a c t i v a t i n g  the  f i l l i n g  equipment. 

Once a new p res su re  co r rec t ion  is  d i a l e d  i n t o  the  f u e l  tanking computer 
pane l ,  t he  new p res su re  is considered loo%, leaving  t h e  o r i g i n a l  t o t a l  d i f f e r -  
e n t i a l  p re s su re  s l i g h t l y  h igher .  The d i g i t a l  i n d i c a t o r  then reads more than 
100% tanked (approximately 102.09.), and shows what percentage of f u e l  must be 
dra ined  dur ing  the  a d j u s t  l e v e l  d r a i n  sequence. 

Af t e r  t he  f i l l  opera t ion  has been completed, f u e l  remains i n  a s e c t i o n  
of t r a n s f e r  l i n e  and t h e  f u e l  mast between Booster Line Valve A519 and Fuel 
F i l l  and Drain Valve B111.  Depending on t h e  l eng th  of t i m e  u n t i l  t he  a d j u s t  
level d r a i n  opera t ion  is  i n i t i a t e d ,  thermal expansion of t he  f u e l  may cause 
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excess p r e s s u r e ,  which w i l l  be r e l i e v e d  by Re l i e f  Valve A616, through A i r  
Eliminator A557, and i n t o  t h e  upstream s e c t i o n  of t h e  t r a n s f e r  l i n e .  

3.3, Fuel Bubb 1 ing Operation 

Engine s t a r t  c h a r a c t e r i s t i c s  a r e  improved by reducing  temperature s t r a t i -  
f i c a t i o n  i n  t h e  RP-1  f u e l  s u c t i o n  l i n e s  b e f o r e  v e h i c l e  launch. 
of t h e  RP-1  i n  each suc t ion  l i n e  begins a t  approximately T -6  hours ,  j u s t  b e f o r e  
t h e  LOX con ta ine r s  a r e  f i l l e d  t o  15% f o r  l eak  check. The RP-1 bubbling i s  
te rmina ted  j u s t  before  t h e  f i n a l  f u e l  tanking c o r r e c t i o n s  a re  made by t h e  ad -  
j u s t  l e v e l  d r a i n  ope ra t ion .  Af te r  t h e  a d j u s t  l e v e l  d r a i n  ope ra t ion  has been 
completed, RP-1 bubbling resumes and cont inues  u n t i l  p r e s s u r i z a t i o n  of t h e  
f u e l  con ta ine r s  begins. 

G N 2  bubbling 

GN2 from valve panel 10 flows through Solenoid Valve A5194, over s h o r t  
cab le  m a s t  No. 2, and e n t e r s  t h e  S - I  s t a g e  through Couplings A6505 and B370 
( f i g u r e  3) .  Twenty-Micron F i l t e r  B373 removes contaminants from t h e  GN2 as 
i t  e n t e r s  t h e  v e h i c l e  f u e l  bubbling manifold.  Ind iv idua l  l i n e s  supply GN2 
t o  each engine RP-1  suc t ion  l i n e .  O r i f i c e s  B372 mounted i n  each supply l i n e  
reduce t h e  supply p re s su re  and p r o t e c t  t h e  s u c t i o n  l i n e s  from ove rp res su re  
surges .  Check Valves B371 mounted downstream from each o r i f i c e  prevent re-  
ve r se  flow of RP-1 i n t o  t h e  bubbling manifold i n  t h e  absence of GN2 p res su re .  
The GN2 passes through open Prevalves B103 and e n t e r s  Fuel Containers F-1, 
F-2, F-3, and F-4 b e f o r e  being vented ou t  of t h e  u l l a g e  p o r t i o n  of t h e  con- 
t a i n e r s  through Fuel Vent Valves B106. Fuel  bubbl ing  cont inues  u n t i l  t h e  be-  
ginning of t h e  automatic countdown sequence a t  T -150 seconds. A t  t h i s  time 
Vent Valves B106 c l o s e  and p r e s s u r i z a t i o n  of t h e  f u e l  con ta ine r s  begins .  

3.4. Adjust Level Drain 

The a d j u s t  l e v e l  d r a i n  ope ra t ion  removes excess f u e l  from t h e  v e h i c l e  
f u e l  con ta ine r s  a f t e r  t h e  LOX f i l l  ope ra t ion  has been completed. 
l e v e l  d r a i n  ope ra t ion  i s  conducted semiautomat ica l ly  a t  approximately T -35 
minutes and includes a t r a n s f e r  l i n e  d r a i n  sequence and a m a s t  purge sequence. 

The a d j u s t  

Manual Valves A523, A524, and A590 and Fuel Vent Valves B106 are  open. 
The RP-1 c o n t r o l  panel and t h e  computer panel power swi tches  are  i n  t h e  'power' 
p o s i t i o n s ,  t h e  func t ion  s e l e c t o r  swi tch  on t h e  RP-1  c o n t r o l  panel is  i n  t h e  
' o p e r a t e '  p o s i t i o n ,  and the  l i n e  i n e r t - r e s e t  swi tch  is  i n  t h e  ' l i n e - i n e r t '  
p o s i t i o n .  The fue l  tanking d i g i t a l  i n d i c a t o r  panel i n d i c a t e s  t h a t  t h e  S - I  
s t a g e  con ta ine r s  have been o v e r f i l l e d  t o  approximately 102%. 

Depressing t h e  a d j u s t  l e v e l  d r a i n  pushbutton on t h e  RP-1 c o n t r o l  panel 
i n i t i a t e s  t h e  opera t ion .  Discharge Valve A516 opens. Fuel tanking  computer 
A506 opens Pneumatic Con t ro l l e r  A559 and t h e  pneumatic c o n t r o l l e r  opens Adjust 
Level Regulator A522 ( r e f e r  t o  1.2.2. p a r  2) .  Fuel F i l l  and Drain Valve B l l l  
opens. 



Fuel  flows from t h e  S - I  s tage  con ta ine r s  ( f i g u r e  3) through Fuel F i l l  
and Drain Valve B l l l  and Couplings B112 and A4500 i n t o  t h e  t r a n s f e r  l i n e  
( f i g u r e  2). The f u e l  flows through S t r a i n e r  A512, Adjust Level Regulator 
A522, S t r a i n e r  A575, pas t  Liquid Level Sensor A553, through Manual Valve A590, 
and p a s t  Liquid Level Sensor A552 through Discharge Valve A516. Fuel Tanking 
Computer A506 monitors t h e  ad jus t  l e v e l  opera t ion ,  and connnands Pneumatic Con- 
t r o l l e r  A559 t o  start  c los ing  Adjust Level Regulator A522 a t  101% of t h e  pro- 
grammed f u e l  level. A t  100% of t h e  programmed f u e l  l e v e l  t h e  tanking computer 
commands Pneumatic Cont ro l le r  A559 t o  c l o s e  Adjust Level Regulator A522. The 
' l i n e  i n e r t  pos i t i on '  of l i n e  inert-reset switch al lows a feedback s i g n a l  from 
c losed  Adjust Level Regulator A522 t o  c l o s e  Fuel F i l l  and Drain Valve B111. 
An ' a d j u s t  l e v e l  completed' l i g h t  on t h e  RP-1 panel  i nd ica t e s  completion of 
t h i s  po r t ion  of t h e  a d j u s t  l e v e l  opera t ion .  By s e l e c t i n g  t h e  'reset' p o s i t i o n  
of  t h e  l i n e  i n e r t - r e s e t  switch,  t h e  a d j u s t  l e v e l  d r a i n  sequence may be  re- 
pea ted  as necessary.  

The t r a n s f e r  l i n e  purge au tomat ica l ly  begins when t h e  l i n e  i n e r t - r e s e t  
swi tch  is  i n  t h e  ' l i n e - i n e r t '  pos i t ion .  Adjust  Level Regulator A522, Booster 
Line Valve A519, Discharge Valve A516, Line Drain Valve A520, and C i r c u l a t e  
and Drain Valve A518 open. Transfer  Pump Motor A504 opera tes  Fuel Transfer  
Pump A502. The t r a n s f e r  l i n e  i s  drained as descr ibed  i n  3.2.3. 

When t h e  t h e r  starts, t h e  m a s t  purge sequence i s  i n i t i a t e d  through t h e  
'automatic '  p o s i t i o n  of  t h e  mast purge switch on '  t h e  RP-1 panel .  
Valve A5600 opens and 750-psig GN2 from t h e  launcher manifold flows through 
Check Valve A4501, and purges the f i l l i n g  mast and t r a n s f e r  line. 

Solenoid 

When t h e  three-minute timer exp i r e s ,  i t  terminates  the  a d j u s t  l e v e l  op- 
e r a t i o n  by s topping t h e  mast purge, Fuel Transfer  Pump A502, and Motor A504, 
and by c los ing  Booster Line Valve A519, Adjust Level Regulator A522, Discharge 
Valve A516, Line Drain Valve A520, and C i r c u l a t e  and Drain Valve A518. 

3.5. Replenish 

I f  t h e  f u e l  tanking requirements are increased  a f t e r  t h e  a d j u s t  l e v e l  
ope ra t ion  has been completed, the automatic  f u e l  r e p l e n i s h  ope ra t ion  i s  i n i -  
t i a t e d  t o  t r a n s f e r  a d d i t i o n a l  fue l  t o  t h e  vehic le .  

Manual Valves A523, A524, and A590 and Fuel Vent Valves B106 are open. 
The RP-1 c o n t r o l  panel power switch is i n  t h e  'on'  p o s i t i o n  and t h e  func t ion  
s e l e c t o r  swi tch  is i n  t h e  'operate '  p o s i t i o n .  A f u e l  d i f f e r e n t i a l  p ressure ,  
based upon t h e  new p rope l l an t  loading requirements ,  is  d i a l e d  i n t o  t h e  f u e l  
tanking  computer panel.  The fue l  tanking computer i n d i c a t o r  panel i nd ica t e s  
that t h e  S - I  f u e l  conta iners  a r e  less than 100% f u l l  (because , the  r equ i r ed  
f u e l  d i f f e r e n t i a l  p ressure  head has been increased) .  

Depressing the  ' r ep len i sh '  pushbutton o n ' t h e  RP-1 c o n t r o l  panel s tarts 
t h e  r e p l e n i s h  opera t ion .  Fas t  F i l l  Valve A517, Slow F i l l  Valve A521, Discharge 
Valve A516, and Fuel F i l l  and Drain Valve B l l l  open. Transfer  Pump Motor A504 
ope ra t e s  Fuel  Transfer  Pump A502. The t r a n s f e r  pump motor s ta r t  command a l s o  
starts a 30-second timer. 
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Fuel flows by g r a v i t y  from Storage Tank A501 through Manual Valve A523 
t o  F u e l  Transfer  Pump A502. The pump d ischarges  f u e l  a t  2000 gpm through 
S t r a i n e r  A511, Fast  F i l l  Valve A517 and Slow F i l l  Valve A521, O r i f i c e s  A550 
and A551, Discharge Valve A516, and Manual Valve A590 t o  Liquid Level Sensor 
A553. 

During t h e  30-second timer ope ra t ion ,  t h e  t r a n s f e r  l i n e  i s  f i l l e d  a t  t h e  
f a s t  f i l l  r a t e  of 2000 gpm because l i t t l e  t i m e  u s u a l l y  remains between t h e  re -  
p l en i sh  ope ra t ion  and v e h i c l e  launch. Actual r e p l e n i s h i n g  o f  t h e  v e h i c l e  i s  
accomplished a t  t h e  slow f i l l  r a t e  of 200 gpm. When t h e  30-second t i m e r  ex- 
p i r e s ,  i t  c l o s e s  Fast F i l l  Valve A517, caus ing  f u e l  t o  flow through Slow F i l l  
Valve A529 and Or i f i ce  A551. The o r i f i c e  reduces t h e  flow r a t e  t o  200 gpm 
and inc reases  pump d ischarge  p res su re  t o  approximately 185 p s i g .  I f  Liquid 
Level Sensor A553 d e t e c t s  t h e  presence of  f u e l  b e f o r e  t h e  30-second timer ex- 
p i r e s ,  t h e  sensor  c l o s e s  F a s t  F i l l  Valve A517. 

Fuel flow continues through S t r a i n e r  A575, Check Valve A580, S t r a i n e r  
A512, and e n t e r s  the  veh ic l e  through Couplings A4500 and B 1 1 2 .  Fuel flows 
through Fuel F i l l  and Drain Valve B l l l  i n t o  t h e  sump of Fuel Container F-1. 
The lower in te rconnec t ing  manifold d i s t r i b u t e s  t h e  f u e l  evenly t o  a l l  t h e  
f u e l  c o n t a i n e r s .  

The f u e l  tanking computer monitors t h e  r e p l e n i s h  ope ra t ion ,  te rmina tes  
t h e  o p e r a t i o n  when t h e  con ta ine r s  a r e  100% f u l l ,  and then  i n i t i a t e s  t h e  t r a n s -  
f e r  l i n e  d r a i n  sequence. Slow F i l l  Valve A521, Booster Line Valve A519, and 
Fuel F i l l  and Drain Valve B l l l  c lo se .  C i r c u l a t e  and Drain Valve A518 and Line 
Drain Valve A520 open. The f u e l  t r a n s f e r  l i n e  i s  d ra ined  as descr ibed  i n  
3.2.3. A t  t h e  end o f  t h r e e  minutes,  t h e  timer s t o p s  Fuel  T rans fe r  Pump A502 
and Motor A504, and c l o s e s  Discharge Valve A516, Line Drain Valve A520, and 
C i r c u l a t e  and Drain Valve A518. 

4. DRAIN 

In t h e  event of a launch c a n c e l l a t i o n ,  t h e  f u e l  is  dra ined  from t h e  S - I  
s t a g e  f u e l  conta iners  back i n t o  t h e  s t o r a g e  f a c i l i t y  tank. An automatic 
d r a i n  o p e r a t i o n  (a g r a v i t y  d r a i n  and a t r a n s f e r  l i n e  d r a i n  sequence) i s  i n i -  
t i a t e d  from t h e  RP-1  c o n t r o l  panel i n  t h e  f u e l  c o n t r o l  c e n t e r .  

Manual Valves A523 and A524 and Fuel  Vent Valves B106 are open. The RP-1 
c o n t r o l  panel power swi tch  is  i n  t h e  'on' p o s i t i o n  and t h e  f u n c t i o n  s e l e c t o r  
swi tch  i s  i n  t h e  ' ope ra t e '  p o s i t i o n .  Depressing t h e  ' d r a i n '  pushbutton i n i -  
t i a t e s  t h e  d r a i n  opera t ion .  C i r c u l a t e  and Drain Valve A518, Discharge Valve 
A516, Booster Line Valve A519, Adjust Level Regulator A522, and Fuel F i l l  and 
Drain Valve B l l l  open. Fuel from Containers F -1 ,  F-2, F-3 and F-4 flows 
through Fuel F i l l  and Drain Valve B l l l  and Couplings B112 and A4500 i n t o  t h e  
f u e l  m a s t  and t r a n s f e r  l i n e .  Fuel flows through S t r a i n e r  A512, Booster Line 
Valve A519 and Adjust Level Regulator A522, and S t r a i n e r  A575; p a s t  Liquid 
Level Sensor A553; through Manual Valve A590; and p a s t  Liquid Level Sensor 
A552 t o  Discharge Valve A516. From t h e  d i scha rge  va lve  f u e l  flows p a s t  Shock 
Ar res to r  A515 and through Check Valve A534, C i r c u l a t e  and Drain Valve A518, 
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and Manual Valve A524 i n t o  Storage Tank A501. The g r a v i t y  d r a i n  sequence 
flow rate gradual ly  decreases  from approximately 900 gpm t o  approximately 400 
gpm because t h e  head p res su re  decreases as t h e  f u e l  d ra ins  out  of t h e  f u e l  
conta  i n e r  s . 

When t h e  veh ic l e  con ta ine r s  a r e  less than 10% f u l l ,  Fuel Tanking Computer 
A506 opens Line Drain Valve A520 and starts Transfer  Pump Motor A504, which 
d r ives  Fuel Transfer  Pump A502. The f u e l  t r a n s f e r  l i n e  is drained as de- 
s c r i b e d  i n  3.2.3. 

Vacuum Breaker A4505 admits a i r  i n t o  t h e  f u e l  t r a n s f e r  l i n e  to  prevent  
vacuum condi t ions  as f u e l  d ra ins  from t h e  l i n e .  A t  t h e  end of t h r e e  minutes,  
t h e  timer s t o p s  t h e  t r a n s f e r  Pump Motor A504 and Fuel Transfer  Pump A502 and 
c l o s e s  Fuel F i l l  and Drain Valve B 1 1 1 ,  Adjust  Level Regulator A522, Booster 
L i n e  Valve A519, Discharge Valve A516, Line Drain Valve A520, and C i r c u l a t e  
and Drain Valve A518. 

5 .  FUEL CONTAINER PRESSURIZATION 

The f u e l  con ta ine r s  are pressur ized  a t  T -150 seconds t o  m e e t  t h e  f u e l  
pump i n l e t  requirements and to  increase  t h e  s t r u c t u r a l  i n t e g r i t y  of  t h e  con- 
t a i n e r s  during f l i g h t .  Fue l  conta iner  p r e s s u r i z a t i o n  Spheres B253 ( f i g u r e  3) 
receive 3000-psig GN2 from va lve  panel 9 (descr ibed i n  Volume V) and supply 
GN2 f o r  f u e l  conta iner  p re s su r i za t ion .  GN2 flows through F i l t e r s  B254; Sole-  
no id  Valves B255, which open t o  admit GN2 t o  t h e  f u e l  conta iners  on s i g n a l  
from Pressure  Switch B107; and Or i f i ce s  B256, which prevent  p re s su re  surge  
damage t o  f u e l  conta iners  and a s soc ia t ed  l i n e s .  Pressure  Switch B107 c o n t r o l s  
t h e  f u e l  conta iner  p re s su r i za t ion  by c los ing  Solenoid Valves B255 when t h e  
con ta ine r  p re s su re  increases  t o  17 9 . 3  p i g  and by opening t h e  valves  when 
t h e  conta iner  p re s su re  decreases  0.5 t o  2 0 psig.  (Manual 3-way Valve B108 
provides  p r e f l i g h t  switch c a l i b r a t i o n  and is capped f o r  f l i g h t . )  Fuel Vent 
Valve B106 and Rel ie f  Valves B105 provide overpressure  p ro tec t ion  f o r  t h e  
f u e l  conta iners  and p res su r i za t ion  manifo d by vent ing  excess p re s su re  a t  
19 s . 5  and 23 kl ps ig ,  respec t ive ly .  

6 .  FLIGHT 

The f u e l  conta iners  are pressur ized  by high-pressure GN2 Spheres B253 
through t h e  same path as described i n  t h e  preceding paragraph during t h e  i n i -  
tial por t ion  of S - I  s t a g e  powered f l i g h t .  
i s  r equ i r ed  during t h e  i n i t i a l  por t ion  o f  f l i g h t ,  Solenoid Va,lves B255 are 
i n i t i a l l y  c o n t r o l l e d  by Pressure Switch B107. A s  p re s su re  requirements are 
reduced, t h e  t h r e e  so lenoid  valves are c losed  a t  set i n t e r v a l s  by t h e  f l i g h t  
sequencer.  One c loses  a t  30 seconds, another  a t  54 seconds, and t h e  t h i r d  a t  
70 seconds a f t e r  l i f t o f f ;  container  p r e s s u r i z a t i o n  and v e h i c l e  a c c e l e r a t i o n  
are then s u f f i c i e n t  t o  meet f u e l  i n l e t  and conta iner  s t r u c t u r a l  requirements 
f o r  t h e  remainder of t h e  powered f l i g h t .  

Because cons tan t  conta iner  p re s su re  
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During engine ope ra t ion ,  f u e l  flows from each tank i n t o  two s u c t i o n  l i n e s  
through Prevalves B103 t o  t h e  i n l e t  s i d e  of t h e  engine  f u e l  pumps. When t h e  
RP-1  l e v e l  i n  Containers F-2 and F-4 drops below Level Sensors B104, a s i g n a l  
(descr ibed  i n  Volume X)  s t a r t s  t h e  guidance computer time base  t h a t  i n i t i a t e s  
inboard engine c u t o f f .  Most of t h e  remaining f u e l  is  u t i l i z e d  by t h e  outboard 
engines during the i n t e r v a l  (approximately 6 seconds) between inboard engine 
shu to f f  and outboard engine s h u t o f f .  Each engine  consumes approximately 225 
pounds of f u e l  per second a t  r a t e d  t h r u s t .  A f t e r  a normal f l i g h t  (approxi- 
mately 147 seconds), approximately 4680 pounds of f u e l  remains i n  t h e  con- 
t a i n e r s  and l i n e s .  

In  t h e  event of i nd iv idua l  engine f a i l u r e  dur ing  f l i g h t ,  Conax Valve B 2  
s i g n a l s  Solenoid Control Valve B217 t o  c l o s e  Prevalve B103, thereby s h u t t i n g  
o f f  f u e l  flow t o  t h e  dead engine. The f u e l  t r a n s f e r  assembly then d i s t r i b u t e s  
dead-engine f u e l  t o  t h e  o t h e r  engines.  An engine  f a i l u r e  causes a f u e l  l e v e l  
d i f f e r e n t i a l  o f  approximately f i v e  inches between t h e  dead-engine contair ,er 
and t h e  o t h e r  conta iners ,  r e s u l t i n g  i n  approximately t e n  g a l l o n s  (68 pounds) 
a d d i t i o n a l  r e s i d u a l  f u e l  a f t e r  engine c u t o f f .  
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